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Introduction
Antibiotics can be a lifesaving treatment for children with 
bacterial infections and are the most commonly prescribed 
therapy among all medications given to children.1 However, 
antibiotics can also result in adverse events, drug toxicity 
and detrimental effects on the gut microbiota2,3 and enteric 
immune system.4,5 Furthermore, both at the individual and 
population levels, antibiotic overuse drives the development 
and transmission of antimicrobial resistance.1,6 International 
guidelines for the treatment of childhood illnesses recommend 
antibiotic treatment for diarrhoea with bloody stools and for 
acute lower respiratory tract infections, but not for non-bloody 
diarrhoea and for upper respiratory infections.7,8 Interventions 
to promote rational antibiotic use are critical for preserving the 
effectiveness of available drugs.9–11 Conversely, in low-resource 
settings, the high burden of bacterial causes of diarrhoea in 
children12,13 has led to proposals for antibiotics to be used more 
widely for the treatment of diarrhoea even in the absence of 
dysentery.14–16 Antibiotics may also be a potential intervention 
for malnutrition and environmental enteropathy.17
Differences in antibiotic use practices around the world 
reflect differences in local medication policies, in barriers to 
access to care and in the preferences of health-care providers 
and mothers. The availability of antibiotics without a doctor’s 
prescription varies,6,18 and laws to limit access to antibiotics are 
often poorly enforced.6,19–22 In some settings, drug shortages 
may be a major limiter of antibiotic use.18,23 Cultural prefer-
ences, such as high demand by mothers, also influence patterns 
of antibiotic use.19,22,24,25 Even when health-care providers are 
aware of the appropriate indications for antibiotics, there can 
be differences between knowledge and practice.26,27
Objective To describe the frequency and factors associated with antibiotic use in early childhood, and estimate the proportion of diarrhoea 
and respiratory illnesses episodes treated with antibiotics.
Methods Between 2009 and 2014, we followed 2134 children from eight sites in Bangladesh, Brazil, India, Nepal, Pakistan, Peru, South Africa 
and the United Republic of Tanzania, enrolled in the MAL-ED birth cohort study. We documented all antibiotic use from mothers’ reports at 
twice-weekly visits over the children’s first two years of life. We estimated the incidence of antibiotic use and the associations of antibiotic 
use with child and household characteristics. We described treatment patterns for diarrhoea and respiratory illnesses, and identified factors 
associated with treatment and antibiotic class.
Findings Over 1 346 388 total days of observation, 16 913 courses of antibiotics were recorded (an incidence of 4.9 courses per child per 
year), with the highest use in South Asia. Antibiotic treatment was given for 375/499 (75.2%) episodes of bloody diarrhoea and for 4274/9661 
(44.2%) episodes of diarrhoea without bloody stools. Antibiotics were used in 2384/3943 (60.5%) episodes of fieldworker-confirmed acute 
lower respiratory tract illness as well as in 6608/16742 (39.5%) episodes of upper respiratory illness. Penicillins were used most frequently 
for respiratory illness, while antibiotic classes for diarrhoea treatment varied within and between sites.
Conclusion Repeated antibiotic exposure was common early in life, and treatment of non-bloody diarrhoea and non-specific respiratory 
illnesses was not consistent with international recommendations. Rational antibiotic use programmes may have the most impact in South 
Asia, where antibiotic use was highest.
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Many studies of antibiotic use have 
been conducted in various health-care 
settings22,28–30 and in cross-sectional 
community-based surveys.31–35 Nev-
ertheless, high-resolution, systematic 
assessments of antibiotic use in prospec-
tive, observational cohort studies have 
not been reported. MAL-ED (Etiology, 
Risk Factors, and Interactions of Enteric 
Infections and Malnutrition and the 
Consequences for Child Health and De-
velopment Project) was a multisite birth 
cohort study conducted in eight sites in 
different countries of South America, 
sub-Saharan Africa and Asia.36 This 
study included community-based sur-
veillance for antibiotic use and provides 
an opportunity to compare antibiotic 
use patterns across diverse low-resource 
sites. We aimed to describe the fre-
quency of antibiotic use by children in 
the first two years of life; determine the 
characteristics associated with antibiotic 
use; and estimate the proportions of di-
arrhoea and respiratory illness episodes 
treated with antibiotics, as reported by 
mothers in the MAL-ED study.
Methods
The MAL-ED study design36 and cohort 
characteristics have been previously de-
scribed.37 Briefly, the study was conducted 
at sites in eight different countries: Dhaka 
(Bangladesh), Fortaleza (Brazil), Vellore 
(India), Bhaktapur (Nepal), Naushahro 
Feroze (Pakistan), Loreto (Peru), Venda 
(South Africa) and Haydom (United 
Republic of Tanzania). Healthy children 
were enrolled between November 2009 
and February 2012 within 17 days of 
birth. Two-year follow-up for all enrolled 
children was completed in February 
2014. The criteria for enrolment were 
children without severe or chronic condi-
tions, enteropathy or hospitalization, and 
enrolment weight ≥ 1500 g.
Surveillance for illnesses and anti-
biotic use was conducted twice per week 
by fieldworkers at home visits until the 
child was two years of age or was lost 
to follow-up. Children were referred to 
locally available care, generally a local 
clinic, when ill.38 Fieldworkers asked the 
mother (or other caregiver) to report all 
oral or injected antibiotics given to their 
child on each day since the previous visit 
and to show the medication packaging 
to confirm the antibiotic and class. If 
packaging were not available, fieldwork-
ers documented antibiotic use from any 
paperwork provided by health-care pro-
viders. When a mother reported seeking 
medical care or medications for their 
child, fieldworkers recorded separately 
prescribed medicines in medical care 
report forms. Socioeconomic character-
istics were assessed through twice-yearly 
questionnaires. 
To validate mothers’ reports of an-
tibiotic use, we randomly selected 4409 
of the fieldworkers’ medical care report 
forms (including at least 200 records of 
antibiotics per site) and extracted all 
antibiotic information. We assessed the 
concordance between mother-reported 
antibiotic use and antibiotic use as docu-
mented on the medical care report forms.
All sites received ethical approval 
from their respective government, local 
institution and collaborating institution 
ethical review boards. We obtained 
informed consent from the mother of 
each child.
Data and definitions
We counted distinct antibiotic courses 
when separated by at least two antibiot-
ic-free days. The results were insensitive 
to an alternative definition using three 
antibiotic-free days; only 580 (3.4%) 
of 16 913 courses occurred within 
three days. The duration of antibiotic 
courses was defined as the total num-
ber of days on which antibiotics were 
received, assuming antibiotics were 
not received on missed surveillance 
days (2.0% of all surveillance days). A 
child was classified as exposed to high 
antibiotic use if he or she received more 
than or equal to the median number of 
courses received by children at his or her 
study site in the first two years of life.
Fig. 1. Incidence of antibiotic use in the first two years of life by study site among 2134 
children in the MAL-ED birth cohort, 2009–2014
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We based illness definitions on 
Integrated Management of Child-
hood Illness guidelines.7 Non-bloody 
diarrhoea was defined as mother’s 
reports of three or more loose stools in 
24 hours. Bloody diarrhoea was defined 
as mother’s report of at least one loose 
stool with visible blood.38 Respiratory 
illness was defined as cough or shortness 
of breath. Acute lower respiratory tract 
illness was defined as cough or shortness 
of breath with a rapid respiratory rate 
determined by fieldworkers (defined by 
the average of two measurements per 
day that were: > 60 breaths per minute 
when the child was < 2 months old; > 50 
breaths per minute at age 2 months to 
1 year; and > 40 breaths per minute at 
age ≥ 1 year).38 If antibiotics were taken 
during any day of the illness episode, 
the episode was classified as treated with 
antibiotics.
Socioeconomic status was de-
scribed using the child’s average score 
on the WAMI index based on: household 
access to improved water and sanitation; 
wealth measured by eight household 
assets; mother’s education; and monthly 
household income.39 Crowding was de-
fined as the mean number of people per 
room. Improved water and sanitation 
were defined following World Health 
Organization (WHO) guidelines.40
Analysis
We calculated the incidence of antibiotic 
use as the number of courses divided by 
the number of at-risk surveillance days. 
The incidence over the first two years of 
life was estimated using a pooled logis-
tic regression model with a restricted 
quadratic spline41 for age with seven 
knots. Cumulative incidence curves 
were constructed non-parametrically as 
the inverse of Kaplan–Meier estimates.
We adjusted for the following: study 
site; the proportion of days ill with 
diarrhoea, cough, fever, vomiting and 
fieldworker-confirmed acute lower re-
spiratory infection in the first two years 
of life; and the interaction between this 
proportion and study site. To estimate 
the associations between overall an-
tibiotic use and child and household 
characteristics we used linear regression 
for the proportion of days on antibiotics 
and log-binomial regression for risk of 
high antibiotic use.
We then described the frequency of 
treatment for diarrhoea and respiratory 
illnesses. We estimated the associations 
between the characteristics of those 
episodes and antibiotic treatment using 
log-binomial regression, adjusting for 
study site and other episode character-
istics. We also accounted for correlations 
between episodes in the same child 
using generalized estimating equations 
with a robust variance estimator. Among 
treated episodes, we used these log-
binomial models to estimate the asso-
ciations between antibiotic class chosen 
and episode and child characteristics.
Results
Antibiotic use
We included 2134 children in the 
MAL-ED cohort who were surveyed 
for antibiotic use for any illness on at 
least one day in the first two years of 
life. Over a mean of 631 days of obser-
vation per child (1 346 388 total days of 
observation), 16 913 courses (100 342 
total days) of antibiotics were recorded. 
This corresponded to an overall average 
antibiotic use of 4.9 courses per child per 
year. The median duration of antibiotic 
courses was 5 days (interquartile range: 
3 to 7). Extended courses of antibiotics 
were rare; only 53 (0.3%) courses had 
durations longer than 1 month.
The magnitude of use differed 
across the eight sites (Fig. 1). Frequency 
of use was highest at the site in Naushah-
ro Feroze (an average of 11.9 courses per 
child-year) and in Dhaka (10.3 courses 
per child-year). In contrast, the use was 
≤ 1.0 course per child-year in Fortaleza 
and Venda, respectively. Antibiotic use 
peaked between 6 and 12 months of 
age in all sites, and peaked again in the 
second year of life in Loreto, Vellore 
and Fortaleza.
Early antibiotic use was common 
even in the first 6 months of life. In 
Dhaka and Naushahro Feroze, more 
Fig. 2. Cumulative incidence of first antibiotic use in the first two years of life by study 
site among 2134 children in the MAL-ED birth cohort, 2009–2014
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than 98.0% of children followed until 
at least age 6 months had received 
antibiotics by that age (Fig. 2). More 
than half of children had received an-
tibiotics by age 6 months in Bhaktapur, 
Haydom, Loreto and Vellore. Children 
in Naushahro Feroze were exposed 
to antibiotics on 32 345 (17.5%) of 
152 176 observed child-days in the first 
two years of life, which corresponds 
to more than 4 months of cumulative 
antibiotic treatment. This proportion 
was even higher in the first 6 months of 
life (9383 child-days; 19.5%). The days 
of treatment in the first two years of life 
was lower in other sites, ranging from 
1823 (1.3%) of 138 060 observed child-
days in Fortaleza to 25 663 (15.5%) of 
140 237 child-days in Dhaka.
A total of 1741 children (81.6%) 
remained under surveillance until 
at least two years of age. More boys 
(543/888; 61.2%) than girls (436/853; 
51.1%) received at or above the site-
specific median number of antibiotic 
courses (Table 1). Adjusting for the 
proportion of days ill, the risk of high 
antibiotic use was 13% greater among 
boys compared with girls (risk ratio, 
RR: 1.13; 95% confidence interval, CI: 
0.99 to 1.28). The association between 
antibiotic use and sex was driven by 
Naushahro Feroze (RR: 1.44; 95% 
CI: 1.02 to 2.03) and Bhaktapur (RR: 
1.37; 95% CI: 0.9 to 1.97), with no as-
sociations at the other country sites. 
Socioeconomic status and income 
were associated with small increases in 
overall antibiotic use (Table 1).
Diarrhoea treatment
A total of 10 161 diarrhoea episodes 
were recorded among 1201 of the 
children; 4649 (45.8%) episodes were 
treated with antibiotics (Table 2). The 
use of antibiotics for the treatment of 
diarrhoea varied across sites from 10.6% 
of 180 episodes in Fortaleza to 59.1% 
of 3212 episodes in Naushahro Feroze.
Mothers reported bloody stools in 
499 (4.9%) diarrhoea episodes. A higher 
proportion of episodes of bloody diar-
rhoea (375; 75.2%) were treated with 
antibiotics than those without bloody 
stools (4274/9661; 44.2%; Table 3). 
Adjusting for study site and other 
characteristics of illness episodes, the 
risk ratio of antibiotic treatment was 
1.50 (95% CI: 1.40 to 1.64) for episodes 
with bloody stools. Greater age at epi-
sode, duration, number of loose stools, 
and presence of fever, dehydration and T
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. vomiting were all independently associ-
ated with an increased risk of antibiotic 
treatment.
Slightly fewer diarrhoea episodes 
in girls (2178/4897; 44.5%) were treated 
with antibiotics than those in boys 
(2471/5264; 46.9%; adjusted RR: 0.95; 
95% CI: 0.90 to 1.00; Table 3). Higher 
socioeconomic status was associated 
with an increase in treatment (RR: 1.19; 
95% CI: 1.10 to 1.29).
The antibiotic class chosen for 
diarrhoea treatment varied across and 
within sites (Fig. 3). Diarrhoea episodes 
in the sites in Dhaka and Loreto were 
most often treated with macrolides, 
while metronidazole was the most 
common class for diarrhoea treatment 
in Bhaktapur, Haydom and Naushahro 
Feroze. Episodes in Fortaleza and Venda 
were mainly treated with sulfonamides 
and penicillins. Fluoroquinolones were 
rarely used for diarrhoea treatment in 
most sites; their use was most frequent 
in the South Asian sites of Dhaka and 
Vellore.
Bloody diarrhoea episodes (75/499) 
were twice as likely to be treated with 
fluoroquinolones compared with non-
bloody episodes (462/9661) (RR ad-
justed for study site: 2.01; 95% CI: 1.63 
to 2.48). Bloody episodes were also 20 
to 40% more likely to be treated with 
macrolides, cephalosporins and met-
ronidazole, and were less likely to be 
treated with penicillins (51/499 bloody 
episodes and 870/9661 non-bloody epi-
sodes; RR adjusted for study site: 0.57; 
95% CI: 0.44 to 0.75).
Diarrhoea episodes among children 
from higher socioeconomic status were 
more likely than those occurring among 
children of lower socioeconomic status 
to be treated with metronidazole (RR 
per 0.5 difference in WAMI score: 1.17; 
95% CI: 1.06 to 1.30) and macrolides 
(RR: 1.14; 95% CI: 0.93 to 1.39) and less 
likely to be treated with penicillins (RR: 
0.79; 95% CI: 0.62 to 1.00). The child’s 
sex did not affect choice of antibiotic 
class for diarrhoea.
Respiratory illness treatment
Of 20 685 respiratory illness episodes 
among 1672 children, 8992 (43.5%) 
episodes were treated with antibiotics. 
Use of antibiotics was lowest in Fortaleza 
(35.5% of 431 episodes) and highest 
in Haydom (62.8% of 1399 episodes; 
Table 2).
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Fieldworkers confirmed 3943 
(19.1%) episodes of respiratory illnesses 
had signs of acute lower respiratory tract 
illness. A higher proportion of these 
episodes (2384; 60.5%) were treated with 
antibiotics than were episodes of upper 
respiratory illness (6608/16742; 39.5%; 
Table 3). Adjusting for site, the risk ratio 
of antibiotic treatment for acute lower 
respiratory tract illness compared to 
upper respiratory illness was 1.53 (95% 
CI: 1.47 to 1.59).
Respiratory illnesses were signifi-
cantly more likely to be treated if the 
episode was of longer duration, and if 
independently there was fever, short-
ness of breath or rapid respiratory 
rate reported (Table 3). Treatment did 
not vary by age. Similar to diarrhoea 
treatment, respiratory illness episodes 
in girls were slightly less likely to be 
treated with antibiotics (4199/10 019; 
41.9%) than those in boys (4793/10 666; 
44.9%); after adjusting for study site and 
episode characteristics, the risk ratio was 
0.94 (95% CI: 0.91 to 0.98). Higher so-
cioeconomic status was also associated 
with a significant but small increase in 
treatment (adjusted RR: 1.10; 95% CI: 
1.03 to 1.17).
The antibiotic class used for re-
spiratory illness treatment was fairly 
consistent across sites, with penicillins 
the most frequently used drug in all sites 
except Naushahro Feroze (Fig. 4). Ceph-
alosporins were also often chosen in the 
South Asian sites of Naushahro Feroze, 
Vellore and Dhaka, while macrolides 
were also highly used in Dhaka. Because 
penicillins were almost exclusively used 
at several sites, a cross-site analysis of 
antibiotic classes by type of respiratory 
illness was not possible.
Among antibiotic-treated respira-
tory illnesses, higher socioeconomic 
status was significantly associated with 
more use of macrolides (RR per 0.5 
difference in WAMI score: 1.30; 95% 
CI: 1.09 to 1.56) and cephalosporins 
(RR: 1.48; 95% CI: 1.30 to 1.69) and 
correspondingly less use of penicil-
lins (RR: 0.93; 95% CI: 0.85 to 1.01). 
There was no association between sex 
and antibiotic class used for respira-
tory illness.
Validation of mothers’ reports
Overall concordance between antibiot-
ics reported in the medical care report 
forms and caregiver-reported antibiotic 
use was high 1737 (85.8%) of 2042 forms 
analysed (Box 1).
Discussion
Despite substantial heterogeneity, the 
frequent and early use of antibiotics in 
these low-resource settings is striking. 
In the most extreme case, children at the 
site in Pakistan were exposed to antibiot-
ics on approximately one-fifth of days 
in their first 6 months of life. Antibiotic 
usage rates were higher in most sites 
Fig. 3. Relative frequency of antibiotic drug classes used in 4649 treated diarrhoea 
episodes among 1201 children in the MAL-ED birth cohort, 2009–2014
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Notes: Distinct antibiotic courses were counted when separated by at least two antibiotic-free days. 
Courses are included in multiple class categories if more than one drug class was given. Number of 
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Fig. 4. Relative frequency of antibiotic drug classes used in 8992 treated respiratory 
illness episodes among 1672 children in the MAL-ED birth cohort, 2009–2014
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than that reported for children aged 3 
to 24 months in the United States of 
America in 2010 (0.9 to 1.7 courses per 
child-year).42 Higher antibiotic use in 
the South Asian sites compared with 
the African and South American sites 
is explained by more episodes of diar-
rhoea and respiratory illnesses as well as 
a higher proportion of illness episodes 
treated in this region. Differences in 
the proportion of episodes treated may 
be explained by site-specific treatment 
guidelines and availability of antibiotics. 
For example, access to antibiotics is less 
restricted in the South Asian sites,6,19 
while drug shortages are common in 
South Africa.23
Illness symptoms were strong 
drivers of antibiotic treatment for both 
diarrhoea and respiratory illnesses, 
demonstrating that treatment decisions 
were made rationally according to illness 
severity. However, many episodes of 
non-bloody diarrhoea (44.2%) and non-
acute-lower respiratory-tract illness 
(39.5%) were treated with antibiotics, 
contrary to international recommenda-
tions against routine use of antibiotics 
for non-bloody diarrhoea8 and upper 
respiratory tract infections.43,44 These 
percentages were higher than the overall 
antibiotic treatment frequency of 37% 
reported for 17 693 paediatric inpatients 
from 226 hospitals in 41 countries.45 
Because only 4.9% of diarrhoea epi-
sodes in our study were bloody, almost 
all antibiotic treatment of diarrhoea 
(4274/4649 episodes; 91.9%) was for 
non-bloody episodes, which is inconsis-
tent with treatment guidelines. Similarly, 
only one-fifth of respiratory infections 
were fieldworker-confirmed acute lower 
respiratory tract infection and therefore 
73.5% (6608/8992) treated episodes of 
respiratory illnesses were inconsistent 
with treatment guidelines.
Conversely, while antibiotic treat-
ment is recommended for dysen-
tery8 and acute lower respiratory tract 
infection,7 only 75.2% of diarrhoea 
episodes with bloody stools and 60.5% 
of fieldworker-confirmed acute lower 
respiratory illness episodes were treated 
with antibiotics. Choice of antibiotic 
class for diarrhoea treatment was also 
inconsistent, suggesting diarrhoea 
treatment guidelines were not clearly 
followed. Fluoroquinolones and mac-
rolides are recommended by WHO for 
the treatment of dysentery,8 but metro-
nidazole was given most frequently, in 
more than one-third of dysentery cases. 
Presence of bloody stools was associated 
with a higher probability of appropriate 
treatment with fluoroquinolones and 
macrolides, but these drugs were still 
underused.
The lower frequency of treatment 
among girls compared with boys after 
adjusting for illness burden and severity 
indicates that social factors also likely 
played a role in treatment decisions. So-
cioeconomic status was associated with 
frequency of antibiotic treatment as well 
as the antibiotic classes chosen for both 
diarrhoea and respiratory illnesses. In-
creased macrolides and cephalosporins 
use compared to less penicillins use 
among families with higher socioeco-
nomic status corresponds to higher prices 
for these drugs, which may be a barrier to 
access for low-income families.
This analysis provides a comprehen-
sive description of antibiotic use across 
eight low-resource country settings, 
using data reported on every day of the 
first two years of life, a method which is 
superior to that of retrospective surveys. 
Using data on diarrhoea and respira-
tory illness symptoms, we were able to 
document treatment frequency and to 
comment on compliance with interna-
tional guidelines. Mothers’ reports of 
antibiotic use ensured that we counted 
antibiotics taken (not only prescribed) 
and captured antibiotic use from all 
sources, including those that would 
not be included in clinic or prescrip-
tion records, e.g. those from alternative 
health-care providers. We found high 
concordance between mothers’ reports 
and medical care report forms, as has 
been previously described,46 suggesting 
mothers’ reporting was reliable.
The study was limited by incom-
plete details of antibiotic use, including 
specific drugs given and their formula-
tions, prophylactic versus treatment 
use, how and where antibiotics were 
obtained, and the antibiotic class for the 
courses classified as unknown or other. 
We also inferred indication for treat-
ment by concurrent illnesses and symp-
toms reported, without direct reports 
of the cause of treatment, which limits 
our ability to determine conclusively the 
appropriateness of treatment.
Overall, antibiotic use early in life 
was common, and we found evidence 
of both overuse for the treatment of 
non-bloody diarrhoea and upper respi-
ratory tract illnesses, and underuse for 
the treatment of bloody diarrhoea and 
acute lower respiratory tract infection. 
We also found evidence for sex and 
class differences in access to medicines. 
Rational antibiotic use programmes and 
promotion of illness-specific treatment 
guidelines may have the greatest impact 
in South Asia, where antibiotic use was 
highest. Planning of intervention studies 
involving antibiotic treatment needs to 
address complex, site-specific variations 
in use and consider the potentially high 
baseline frequency of antibiotic use. 
Further inquiry into the consequences 
of this highly prevalent exposure among 
children will be an important contri-
bution to our understanding of child 
development in low-resource settings. ■
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Box 1. Validation of mothers’ reports of antibiotic use in the MAL-ED cohort study, 
2009–2014
Medical care report forms were identified for 13 393 (79.2%) of all 16 913 antibiotic courses, 
and the validation sample yielded 2024 antibiotic prescriptions from 4409 forms. Concordance 
between use of antibiotics reported in the medical care report forms and mother-reported 
antibiotic use was high; on 1737 (85.8%) of forms the antibiotics corresponded with mothers’ 
reports on the same day. The concordance between antibiotic classes was also high: 95.1% 
(849/893) for penicillins, 94.8% (329/247) for cephalosporins, 86.6% (265/306) for macrolides, 
85.2% (213/250) for metronidazole, 73.4% (177/241) for sulphonamides and 70.0% (42/60) for 
fluoroquinolones.
Bull World Health Organ 2017;95:49–61| doi: http://dx.doi.org/10.2471/BLT.16.17612358
Research
Antibiotic use in low-resource settings Elizabeth T Rogawski et al.
صخلم
ةيقابتسا ةيبارتأ ةسارد :نادلب نيماث في ينماع نم رغصلأا لافطلأل ةيويلحا تاداضلما ءاطعإ
 في  لافطلأل  ةيويلحا  تاداضلما  ءاطعإ  ةيرتو  فصو  ضرغلا
 ةبسن  ريدقتو  ،كلذب  ةطبترلما  لماوعلاو  ةركبلما  ةيرمعلا  مهلحارم
 تلجوع يتلا سيفنتلا زاهلجا ضارمأو لاهسلإاب ةباصلإا تلااح
.ةيويلحا تاداضلماب
 ةعباتمب  2014  و  2009  يماع  ينب  ام  ةترفلا  في  انمق  ةقيرطلا
 لابينو دنلهاو ليزابرلاو شيدلاغنب في عقاوم نيماث نم ًلافط 2134
 نيذلا  ،ةدحتلما  اينازنت  ةيروهجمو ايقيرفأ  بونجو ويربو ناتسكابو
 .MAL-ED  ديلاولماب  ةصالخا  ةيبارتلأا  ةسارد  في  مهليجست  مت
 تاغلاب  نم  ةيويلحا  تاداضلما  لوانت  تلااح  عيجم  قيثوتب  انمقو
 ينماعلا لاوط ينترم ثدتح يتلا ةيعوبسلأا تارايزلا في تاهملأا
 تاداضلما  لوانت  تلااح  ددع  ريدقتب  انمق  ماك  .لفطلل  ينلولأا
 لفطلا صئاصخ عم ةيويلحا تاداضلما لوانت ينب طباورلاو ةيويلحا
 ةباصلما  تلااحلل  جلاعلا  طمانلأ  اًفصو  انمدق  كلذبو  .ةسرلأاو
 ةئفب ةطبترلما لماوعلا انددحو ،سيفنتلا زاهلجا ضارمأو لاهسلإاب
.يويلحا داضلماو جلاعلا
 ،ةظحلالماو دصرلا مايأ لياجمإ نم 1346388  رادم لىع جئاتنلا
 ةيويلحا  تاداضلماب  ةيجلاع  ةطخ  16913  دادعإ  ليجست  مت
 ،)دحاولا  ماعلا  في لفط لكل ةيجلاع ةطخ 4.9  دادعإ لدعمب(
 لىعلأا  وه  ةيويلحا  تاداضلما  لوانت  لدعم  نأ  ةظحلام  عم
 لدعمب  ةيويلحا  تاداضلماب  جلاعلا  ءاطعإ  مت  .ايسآ  بونج  في
 يومدلا  لاهسلإاب  ةباصلما  تلااحلل  )% 75.2(  499/375
 لاهسلإاب ةباصلما تلااحلل )% 44.2( 9661/4274 لدعمبو
 في  ةيويلحا  تاداضلما  لوانت  متو  .يومد  زارب  لوزن  نود  نم
 ىودعب ةدكؤلما ةباصلإا تلااح نم )% 60.5( 3943/2348
 16742/6608  في  كلذكو  دالحا  ةيلفسلا  ةيسفنتلا  ةانقلا
 ةيسفنتلا  ةانقلا  ىودعب  ةدكؤلما  ةباصلإا  تلااح  نم  )% 39.5(
 في  ينلسنبلا  ةيودأ  ءاطعإ  مت  .ينيناديلما  ينلماعلا  ىدل  ةيولعلا
 تنيابت  مانيب  ،سيفنتلا  زاهلجا  ضارمأ  جلاعل  نايحلأا  مظعم
 عقاولما  ينبو  لخاد  لاهسلإا  جلاعل  ةيويلحا  تاداضلما  تائف
.ةفلتخلما
 اًعئاش  ةيويلحا  تاداضملل  رركتلما  ضرعتلا  ناك  دقل  جاتنتسلاا
 يومدلا  يرغ  لاهسلإا  جلاع  نكي  لمو  ،ةركبم  ةيرمع  ةلحرم  في
 تايصوتلا  عم  اًقسانتم  ةددحلما  يرغ  سيفنتلا  زاهلجا  ضارمأو
 ققح ام يه ةيقطنلما ةيويلحا تاداضلما لوانت جمارب لعلو .ةيلودلا
 تاداضلما  لوانت  لدعم  ناك  ثيح  ،ايسآ  بونج  في  بركلأا  بركأ
.لىعلأا وه ةيويلحا
摘要
8 个国家 2 岁以下儿童抗生素使用情况 ： 一项前瞻性群组研究
目的 旨在描述幼儿期抗生素使用频率及相关因素，并
评估使用抗生素进行治疗的腹泻和呼吸道疾病病例的
比例。
方法 在 2009 年至 2014 年期间，我们对巴基斯坦、巴
西、秘鲁、孟加拉国、南非、尼泊尔、坦桑尼亚联合
共和国以及印度八个地区报名参加营养不良和肠道疾
病联盟 (MAL-ED) 出生群组研究的 2134 名儿童进行了
跟踪调查。 我们在儿童出生后两年内对其进行每周两
次的访问，通过其母亲的叙述记录了全部抗生素使用
情况。 我们对抗生素使用率以及抗生素使用与儿童和
家庭特征之间的关联进行了评估。 我们描述了腹泻和
呼吸道疾病的治疗模式，并确定了与治疗和抗生素种
类有关的因素。
结 果 经 过 共 1 346 388 天 的 观 察， 我 们 记 录
了 16 913 个抗生素使用案例（每名儿童每年平均使
用 4.9 次），其中抗生素在南亚的使用率最高。 出血
性腹泻的抗生素治疗比例为 375/499 (75.2%)，无血便
性腹泻的抗生素治疗比例为 4274/9661 (44.2%)。 在经
实地调查员确认的急性下呼吸道疾病案例中，抗生素
使用比例为 2384/3943 (60.5%)，上呼吸道疾病案例中，
抗生素使用比例为 6608/16742 (39.5%)。盘尼西林最常
用于呼吸道疾病治疗，腹泻治疗用抗生素的种类在同
一地区内以及不同地区间均有所不同。
结论 反复接触抗生素在童年时期很常见，并且非出血
性腹泻和非特异性呼吸道疾病的疗法与国际建议不一
致。 合理使用抗生素项目或许在南非会产生最大影响，
在该地区，抗生素的使用率最高。 
Résumé
Utilisation d’antibiotiques chez les enfants de moins de deux ans dans huit pays: une étude de cohorte prospective
Objectif Décrire la fréquence et les facteurs associés à l’utilisation 
d’antibiotiques chez les jeunes enfants et estimer la proportion 
d’épisodes de diarrhée et de maladies respiratoires traités avec des 
antibiotiques.
Méthodes De 2009 à 2014, nous avons suivi 2134 enfants qui 
participaient à l’étude de cohorte de naissance MAL-ED sur huit sites 
en Afrique du Sud, au Bangladesh, au Brésil, en Inde, au Népal, au 
Pakistan, au Pérou et en République-Unie de Tanzanie. Nous avons 
noté l’utilisation de tous les antibiotiques déclarés par les mères lors de 
consultations bi-hebdomadaires pendant les deux premières années 
de vie des enfants. Nous avons estimé l’incidence du recours aux 
antibiotiques ainsi que les associations entre utilisation d’antibiotiques 
et caractéristiques des enfants et des foyers. Nous avons décrit les 
habitudes de traitement de la diarrhée et des maladies respiratoires 
et avons identifié les facteurs associés aux traitements et aux classes 
d’antibiotiques.
Résultats  Sur  1  346  388  jours  d ’obser vat ion  au  tota l , 
16 913 traitements aux antibiotiques ont été enregistrés (incidence 
de 4,9 traitements par enfant et par an), la plus forte utilisation 
ayant été observée en Asie du Sud. Un traitement antibiotique a été 
administré pour 375/499 (75,2%) épisodes de diarrhée sanglante et 
pour 4274/9661 (44,2%) épisodes de diarrhée sans présence de sang 
Bull World Health Organ 2017;95:49–61| doi: http://dx.doi.org/10.2471/BLT.16.176123 59
Research
Antibiotic use in low-resource settingsElizabeth T Rogawski et al.
dans les selles. Des antibiotiques ont été utilisés pour 2384/3943 
(60,5%) épisodes de maladie aiguë des voies respiratoires inférieures 
confirmée par un professionnel sur le terrain ainsi que pour 
6608/16 742 (39,5%) épisodes de maladie des voies respiratoires 
supérieures. Les pénicillines étaient les plus fréquemment utilisées 
pour combattre les maladies respiratoires, tandis que les classes 
d’antibiotiques utilisées pour traiter la diarrhée variaient selon les 
sites et au sein d’un même site.
Conclusion L’exposition répétée aux antibiotiques à un jeune âge était 
courante et le traitement de la diarrhée sans présence de sang dans les 
selles et de maladies respiratoires non spécifiques ne respectait pas les 
recommandations internationales. C’est en Asie du Sud, où l’usage des 
antibiotiques était le plus important, que les programmes d’utilisation 
rationnelle des antibiotiques pourraient avoir le plus fort impact. 
Резюме
Прием антибиотиков детьми младше двух лет в восьми странах: проспективное когортное 
исследование
Цель Описать частоту употребления антибиотиков в раннем 
детстве и факторы, связанные с этим, и определить долю случаев 
диареи и заболеваний дыхательных путей, для лечения которых 
использовались антибиотики.
Методы В период между 2009 и 2014 годами авторы осуществляли 
наблюдение за 2134 детьми из восьми локаций в Бангладеш, 
Бразилии, Индии, Непале, Объединенной Республике Танзания, 
Пакистане, Перу и Южной Африке, участвующих в исследовании 
возрастной группы MAL-ED. Все случаи приема антибиотиков 
были задокументированы со слов матерей работниками местного 
центра, совершавшими визит два раза в неделю в течение 
первых двух лет жизни ребенка. Авторы определили частотность 
приема антибиотиков и связи между приемом антибиотиков 
детьми и особенностями домашнего хозяйства. Были описаны 
модели лечения диареи и заболеваний дыхательных путей, а 
также определены факторы, связанные с лечением и классом 
антибиотиков.
Результаты За 1 346 388 суммарных дней наблюдения 
б ы л о  з а р е г и с т р и р о в а н о  1 6  9 1 3  к у р с о в  л е ч е н и я 
антибиотиками (частотность составила 4,9 курса на ребенка 
в год), большая доля которых пришлась на Южную Азию. 
Лечение антибиотиками было прописано в 375 из 499 случаев 
диареи с кровью (75,2%) и в 4274 из 9661 случая диареи без 
кровавых примесей (44,2%). Антибиотики применялись в 2384 
из 3943 случаев острого заболевания нижних дыхательных 
путей (60,5%), подтвержденного работниками местного центра, а 
также в 6608 из 16 742 случаев заболевания верхних дыхательных 
путей (39,5%). Чаще других для лечения заболеваний дыхательных 
путей использовались пенициллины, в то время как класс 
антибиотиков для лечения диареи различался как в пределах 
одной локации, так и между локациями.
Вывод В раннем возрасте было распространено неоднократное 
воздействие антибиотиков, а лечение диареи без следов крови и 
неспецифических заболеваний дыхательных путей проводилось 
не в соответствии с международными рекомендациями. 
Программы рационального использования антибиотиков, 
возможно, оказывают наибольшее влияние в Южной Азии, где 
процент применения антибиотиков был наиболее высок. 
Resumen
El uso de antibióticos en niños menores de dos años en ocho países: un estudio prospectivo de cohortes
Objetivo Describir la frecuencia y los factores relacionados con el 
uso de antibióticos en la primera infancia y estimar la proporción de 
los episodios de diarrea y enfermedades respiratorias tratados con 
antibióticos.
Métodos Entre 2009 y 2014, se realizó el seguimiento de 2 134 niños 
de ocho lugares en Bangladesh, Brasil, India, Nepal, Pakistán, Perú, 
la República Unida de Tanzania y Sudáfrica inscritos en el estudio de 
cohortes en el nacimiento MAL-ED. Se documentó el uso de todos los 
antibióticos de los informes de las madres en las visitas dos veces por 
semana a lo largo de los dos primeros años de vida de los niños. Se 
estimó la incidencia del uso de antibióticos y las asociaciones del uso de 
antibióticos con características familiares y con niños. Se describieron los 
patrones de tratamiento para la diarrea y las enfermedades respiratorias, 
y se identificaron los factores relacionados con las clases de tratamientos 
y de antibióticos.
Resultados De un total de 1 346 388 días de observación, se 
registraron 16 913 tratamientos con antibióticos (una incidencia de 4,9 
tratamientos por niño al año), siendo el mayor uso en el sur de Asia. 
Se empleó tratamiento con antibióticos en 375/499 (75,2%) episodios 
de diarrea hemorrágica y en 4 274/9 661 (44,2%) episodios de diarrea 
sin deposiciones hemorrágicas. Se usaron antibióticos en 2 384/3 943 
(60,5%) episodios de enfermedad respiratoria aguda de las vías bajas 
confirmadas por los investigadores, así como en 6 608/16 742 (39,5%) 
episodios de enfermedad respiratoria de las vías altas. Las penicilinas 
se usaron más frecuentemente para las enfermedades respiratorias, 
mientras que los antibióticos para el tratamiento de la diarrea variaron 
entre los distintos lugares.
Conclusión La exposición repetida a antibióticos fue común en los 
primeros años de vida, y el tratamiento de diarrea no hemorrágica y 
de enfermedades respiratorias no específicas no fue coherente con las 
recomendaciones internacionales. Los programas de uso racional de 
antibióticos pueden tener el mayor efecto en el sur de Asia, donde el 
uso de antibióticos fue el más alto.
Bull World Health Organ 2017;95:49–61| doi: http://dx.doi.org/10.2471/BLT.16.17612360
Research
Antibiotic use in low-resource settings Elizabeth T Rogawski et al.
References
1. Nicolini G, Sperotto F, Esposito S. Combating the rise of antibiotic resistance 
in children. Minerva Pediatr. 2014 Feb;66(1):31–9. PMID: 24608580
2. Dethlefsen L, Huse S, Sogin ML, Relman DA. The pervasive effects of 
an antibiotic on the human gut microbiota, as revealed by deep 16S 
rRNA sequencing. PLoS Biol. 2008 Nov 18;6(11):e280. doi: http://dx.doi.
org/10.1371/journal.pbio.0060280 PMID: 19018661
3. Jernberg C, Löfmark S, Edlund C, Jansson JK. Long-term impacts of 
antibiotic exposure on the human intestinal microbiota. Microbiology. 2010 
Nov;156(Pt 11):3216–23. doi: http://dx.doi.org/10.1099/mic.0.040618-0 
PMID: 20705661
4. Johnson CL, Versalovic J. The human microbiome and its potential 
importance to pediatrics. Pediatrics. 2012 May;129(5):950–60. doi: http://
dx.doi.org/10.1542/peds.2011-2736 PMID: 22473366
5. Murgas Torrazza R, Neu J. The developing intestinal microbiome and its 
relationship to health and disease in the neonate. J Perinatol. 2011 Apr;31 
Suppl 1:S29–34. doi: http://dx.doi.org/10.1038/jp.2010.172 PMID: 21448201
6. Bebell LM, Muiru AN. Antibiotic use and emerging resistance: how can 
resource-limited countries turn the tide? Glob Heart. 2014 Sep;9(3):347–58. 
doi: http://dx.doi.org/10.1016/j.gheart.2014.08.009 PMID: 25667187
7. Handbook: IMCI integrated management of childhood illness. Geneva: 
World Health Organization; 2005. Available from: http://apps.who.int/iris/
bitstream/10665/42939/1/9241546441.pdf [cited 2016 Aug 12].
8. The treatment of diarrhoea: a manual for physicians and other senior health 
workers [Internet]. Geneva: World Health Organization; 2005. Available 
from: http://apps.who.int/iris/bitstream/10665/43209/1/9241593180.pdf 
[cited 2016 Oct 17].
9. Worldwide country situation analysis: response to antimicrobial resistance 
[Internet]. Geneva: World Health Organization; 2015. Available from: http://
www.who.int/drugresistance/documents/situationanalysis/en/ [cited 2016 
Feb 8].
10. Goldman JL, Newland JG. New horizons for pediatric antibiotic stewardship. 
Infect Dis Clin North Am. 2015 Sep;29(3):503–11. doi: http://dx.doi.
org/10.1016/j.idc.2015.05.003 PMID: 26154663
11. Hyun DY, Hersh AL, Namtu K, Palazzi DL, Maples HD, Newland JG, et al. 
Antimicrobial stewardship in pediatrics: how every pediatrician can be 
a steward. JAMA Pediatr. 2013 Sep;167(9):859–66. doi: http://dx.doi.
org/10.1001/jamapediatrics.2013.2241 PMID: 23857121
12. Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S, et 
al. Burden and aetiology of diarrhoeal disease in infants and young children 
in developing countries (the Global Enteric Multicenter Study, GEMS): a 
prospective, case-control study. Lancet. 2013 Jul 20;382(9888):209–22. doi: 
http://dx.doi.org/10.1016/S0140-6736(13)60844-2 PMID: 23680352
13. Platts-Mills JA, Babji S, Bodhidatta L, Gratz J, Haque R, Havt A, et al.; MAL-ED 
Network Investigators. Pathogen-specific burdens of community diarrhoea 
in developing countries: a multisite birth cohort study (MAL-ED). Lancet 
Glob Health. 2015 Sep;3(9):e564–75. doi: http://dx.doi.org/10.1016/S2214-
109X(15)00151-5 PMID: 26202075
14. Pavlinac PB, Denno DM, John-Stewart GC, Onchiri FM, Naulikha JM, Odundo 
EA, et al. Failure of syndrome-based diarrhea management guidelines to 
detect Shigella infections in Kenyan children. J Pediatric Infect Dis Soc. 2015 
Jul 12 PMID: 26407270
15. Pernica JM, Steenhoff AP, Welch H, Mokomane M, Quaye I, Arscott-Mills T, 
et al. Correlation of clinical outcomes with multiplex molecular testing of 
stool from children admitted to hospital with gastroenteritis in Botswana. J 
Pediatric Infect Dis Soc. 2016 Sep;5(3):312–8. doi: http://dx.doi.org/10.1093/
jpids/piv028 PMID: 26407262
16. Mcneil DG Jr. A quiet revolution in the treatment of childhood diarrhea 
[Internet]. The New York Times. 2015 Aug 10. Available from: http://www.
nytimes.com/2015/08/11/health/catching-up-with-a-childhood-killer-
diarrhea.html [cited 2016 Feb 8].
17. Korpe PS, Petri WA Jr. Environmental enteropathy: critical implications of a 
poorly understood condition. Trends Mol Med. 2012 Jun;18(6):328–36. doi: 
http://dx.doi.org/10.1016/j.molmed.2012.04.007 PMID: 22633998
18. Lee ACC, Chandran A, Herbert HK, Kozuki N, Markell P, Shah R, et al. 
Treatment of infections in young infants in low- and middle-income 
countries: a systematic review and meta-analysis of frontline health worker 
diagnosis and antibiotic access. PLoS Med. 2014 Oct;11(10):e1001741. doi: 
http://dx.doi.org/10.1371/journal.pmed.1001741 PMID: 25314011
19. Mittal SK, Mathew JL. Regulating the use of drugs in diarrhea. J Pediatr 
Gastroenterol Nutr. 2001 Oct;33 Suppl 2:S26–30. doi: http://dx.doi.
org/10.1097/00005176-200110002-00005 PMID: 11698782
20. Almaaytah A, Mukattash TL, Hajaj J. Dispensing of non-prescribed 
antibiotics in Jordan. Patient Prefer Adherence. 2015;9:1389–95. doi: http://
dx.doi.org/10.2147/PPA.S91649 PMID: 26491267
21. Nguyen KV, Thi Do NT, Chandna A, Nguyen TV, Pham CV, Doan PM, et al. 
Antibiotic use and resistance in emerging economies: a situation analysis 
for Viet Nam. BMC Public Health. 2013;13(1):1158. doi: http://dx.doi.
org/10.1186/1471-2458-13-1158 PMID: 24325208
22. Abdulah R. Antibiotic abuse in developing countries. Pharm Regul Aff. 
2012;1(2):1000e106. doi: http://dx.doi.org/10.4172/2167-7689.1000e106
23. Gray A. Medicines shortages-unpicking the evidence from a year in South 
Africa. Australas Med J. 2014;7(5):208–12. doi: http://dx.doi.org/10.4066/
AMJ.2014.1932 PMID: 24944717
24. Karras DJ, Ong S, Moran GJ, Nakase J, Kuehnert MJ, Jarvis WR, et al.; 
EMERGEncy ID NET Study Group. Antibiotic use for emergency department 
patients with acute diarrhea: Prescribing practices, patient expectations, 
and patient satisfaction. Ann Emerg Med. 2003 Dec;42(6):835–42. doi: 
http://dx.doi.org/10.1016/S0196-0644(03)00602-4 PMID: 14634611
25. Kutty N. Treating children without antibiotics in primary healthcare. Oman 
Med J. 2011 Sep;26(5):303–5. doi: http://dx.doi.org/10.5001/omj.2011.77 
PMID: 22125722
26. Mohanan M, Vera-Hernández M, Das V, Giardili S, Goldhaber-Fiebert 
JD, Rabin TL, et al. The know-do gap in quality of health care for 
childhood diarrhea and pneumonia in rural India. JAMA Pediatr. 2015 
Apr;169(4):349–57. doi: http://dx.doi.org/10.1001/jamapediatrics.2014.3445 
PMID: 25686357
27. Dillip A, Embrey M, Shekalaghe E, Ross-Degnan D, Vialle-Valentin C, Kimatta 
S, et al. What motivates antibiotic dispensing in accredited drug dispensing 
outlets in Tanzania? A qualitative study. Antimicrob Resist Infect Control. 
2015;4(1):30. doi: http://dx.doi.org/10.1186/s13756-015-0073-4 PMID: 
26199723
28. Dimri S, Tiwari P, Basu S, Parmar VR. Drug use pattern in children at a 
teaching hospital. Indian Pediatr. 2009 Feb;46(2):165–7. PMID: 19242036
29. Pathak A, Mahadik K, Dhaneria SP, Sharma A, Eriksson B, Lundborg CS. 
Antibiotic prescribing in outpatients: hospital and seasonal variations in 
Ujjain, India. Scand J Infect Dis. 2011 Jul;43(6-7):479–88. doi: http://dx.doi.or
g/10.3109/00365548.2011.554854 PMID: 21299365
30. Bajis S, Van den Bergh R, De Bruycker M, Mahama G, Van Overloop 
C, Satyanarayana S, et al. Antibiotic use in a district hospital in Kabul, 
Afghanistan: are we overprescribing? Public Health Action. 2014 Dec 
21;4(4):259–64. doi: http://dx.doi.org/10.5588/pha.14.0068 PMID: 26400706
31. National family health survey (NFHS-3), 2005-06. India. Volume I. Mumbai: 
International Institute for Population Sciences and Macro International; 2007.
32. Togoobaatar G, Ikeda N, Ali M, Sonomjamts M, Dashdemberel S, Mori R, 
et al. Survey of non-prescribed use of antibiotics for children in an urban 
community in Mongolia. Bull World Health Organ. 2010 Dec 1;88(12):930–6. 
doi: http://dx.doi.org/10.2471/BLT.10.079004 PMID: 21124718
33. Ding L, Sun Q, Sun W, Du Y, Li Y, Bian X, et al. Antibiotic use in rural China: a 
cross-sectional survey of knowledge, attitudes and self-reported practices 
among mothers in Shandong province. BMC Infect Dis. 2015;15(1):576. doi: 
http://dx.doi.org/10.1186/s12879-015-1323-z PMID: 26689294
34. Moienzadeh A, Massoud T, Black E. Evaluation of the general public’s 
knowledge, views and practices relating to appropriate antibiotic use in 
Qatar. Int J Pharm Pract. 2015 Dec 16;n/a. doi: http://dx.doi.org/10.1111/
ijpp.12233 PMID: 26671211
35. Islahudin F, Tamezi AM, Shah NM. Knowledge, attitudes and practices about 
antibiotic use among the general public in Malaysia. Southeast Asian J Trop 
Med Public Health. 2014 Nov;45(6):1474–82. PMID: 26466434
36. Acosta AM, Chavez CB, Flores JT, Olotegui MP, Pinedo SR, Trigoso DR, et 
al.; MAL-ED Network Investigators. The MAL-ED study: a multinational 
and multidisciplinary approach to understand the relationship between 
enteric pathogens, malnutrition, gut physiology, physical growth, cognitive 
development, and immune responses in infants and children up to 2 years 
of age in resource-poor environments. Clin Infect Dis. 2014 Nov 1;59 Suppl 
4:S193–206. doi: http://dx.doi.org/10.1093/cid/ciu653 PMID: 25305287
37. Amour C, Gratz J, Mduma E, Svensen E, Rogawski ET, McGrath M, et al.; 
Etiology, Risk Factors, and Interactions of Enteric Infections and Malnutrition 
and the Consequences for Child Health and Development Project (MAL-ED) 
Network Investigators. Epidemiology and impact of Campylobacter 
infection in children in eight low-resource settings: results from the MAL-ED 
study. Clin Infect Dis. 2016 Aug 7;ciw542. doi: http://dx.doi.org/10.1093/cid/
ciw542 PMID: 27501842
Bull World Health Organ 2017;95:49–61| doi: http://dx.doi.org/10.2471/BLT.16.176123 61
Research
Antibiotic use in low-resource settingsElizabeth T Rogawski et al.
38. Richard SA, Barrett LJ, Guerrant RL, Checkley W, Miller MA; MAL-ED Network 
Investigators. Disease surveillance methods used in the 8-site MAL-ED 
cohort study. Clin Infect Dis. 2014 Nov 1;59 Suppl 4:S220–4. doi: http://
dx.doi.org/10.1093/cid/ciu435 PMID: 25305290
39. Psaki SR, Seidman JC, Miller M, Gottlieb M, Bhutta ZA, Ahmed T, et al.; 
MAL-ED Network Investigators. Measuring socioeconomic status in 
multicountry studies: results from the eight-country MAL-ED study. Popul 
Health Metr. 2014;12(1):8. doi: http://dx.doi.org/10.1186/1478-7954-12-8 
PMID: 24656134
40. Progress on drinking water and sanitation: special focus on sanitation. 
New York and Geneva: United Nations Children’s Fund Joint Monitoring 
Programme for Water Supply and Sanitation and World Health Organization; 
2008. Available from: http://www.wssinfo.org/fileadmin/user_upload/
resources/1251794333-JMP_08_en.pdf [cited 2016 Feb 5].
41. Howe CJ, Cole SR, Westreich DJ, Greenland S, Napravnik S, Eron JJ Jr. Splines 
for trend analysis and continuous confounder control. Epidemiology. 2011 
Nov;22(6):874–5. doi: http://dx.doi.org/10.1097/EDE.0b013e31823029dd 
PMID: 21968779
42. Vaz LE, Kleinman KP, Raebel MA, Nordin JD, Lakoma MD, Dutta-Linn MM, 
et al. Recent trends in outpatient antibiotic use in children. Pediatrics. 2014 
Mar;133(3):375–85. doi: http://dx.doi.org/10.1542/peds.2013-2903 PMID: 
24488744
43. Hersh AL, Jackson MA, Hicks LA; American Academy of Pediatrics 
Committee on Infectious Diseases. Principles of judicious antibiotic 
prescribing for upper respiratory tract infections in pediatrics. Pediatrics. 
2013 Dec;132(6):1146–54. doi: http://dx.doi.org/10.1542/peds.2013-3260 
PMID: 24249823
44. Revised WHO classification and treatment of childhood pneumonia at 
health facilities [Internet]. Geneva: World Health Organization; 2014. 
Available from: http://www.who.int/maternal_child_adolescent/
documents/child-pneumonia-treatment/en/ [cited 2016 Feb 17].
45. Versporten A, Bielicki J, Drapier N, Sharland M, Goossens H; ARPEC project 
group. The Worldwide Antibiotic Resistance and Prescribing in European 
Children (ARPEC) point prevalence survey: developing hospital-quality 
indicators of antibiotic prescribing for children. J Antimicrob Chemother. 
2016 Apr;71(4):1106–17. doi: http://dx.doi.org/10.1093/jac/dkv418 PMID: 
26747104
46. Ferson K, Montgomery J, Moore RE, Millar BC, Leggett P, Coulter WA, et al. 
Reliability of self-reporting of antibiotic consumption in the community 
– Index of Reliability. J Clin Pharm Ther. 2014 Oct;39(5):468–70. doi: http://
dx.doi.org/10.1111/jcpt.12184 PMID: 24912052
